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SOLUBILITY OF LIME, MAGNESIA, AND POTASH IN 
SUCH MINERALS AS ElTDOTl', CHRYSOLITE, AND 
MUSCOVITE, especially IN REGARD TO SOIL 
RELATIONSHIPS 
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While experiments relating to the solubility of lime, nmgiiesia, ami 
potash in various silicates have frequently been earrietl out,‘ esjKvially 
with those minerals in contact with a saturated solution of eailx)ii diox id, 
there seems to have been relatively little work dniu* iqKiii the degree of 
action of soil extracts upon the lime, magnesia, ami jxjlash present in 
epidote, chrysolite, and muscovite, all of w’hich minerals are eomnionly 
found in soils. 

A knowledge of the solubility of the lime, magnesia, ami |X)tash in 
epidote, chrysolite, and muscovite would alsii be a means of roughly 
estimating their availability, so far as a sr>il extract is eoneemeil, for llu- 
soil solution is acting continuously uixin the neighlxiring mim rah. 

The individual factors involved in the i xperinu iital work wen- as 
follows: The production of a very slightly acid soil extr:u.'l liy the addi- 
tion of 500 cc. of distilled water every 24 hours to an oieid soil from 
Auxvasse, Missouri, and the extracts combined. The eombim-il ex- 
tracts were then analyzed. The next steps wi re tin* grinding of sehrtefi 
samples of epidote, chrysedite, ami niuseovite to pa'-s a sen-eii of i<x) 
meshes to the inch and the analysis of the hm ly ground mim rals. 
Then two 25 cc. blank solutions of the soil extracts, ttigellur with 24 
nursing bottles w ith 25 cc. of the soil extract in each in contact willi from 
o.i to i.ogm, of epidote,o.i to 1 .ugtn. of chryvdite, and frorno.i lo<>.4gm. 
of muscovite, were placed in a tlierti^stat aiul ke])t at a temperature ol 
2^®C. for a period of two months. At the end of th<' jx riod tfie soluble 
material filtered from the minerals by Pastetir-Ciianibt rland fillers was 
analyzed, and a correction made for the composite lilaiik solutions, for 
lime, magnesia, and jxjtash with the results given in I able I. I relimi- 
nary to the results given in Table I, an analysis was made ol Uie water 


> stored say, that silicates ol alumina, lime, nucoesia, ami d./Ua 1, are “oc- 'itiia/snl anrt disaolv«l . 
certain «tent by carbonic add-water, and al«? by pure water fSv.iKr.a, ** 
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extract of the soil, which showed it to contain o.ooi per cent of lirae, 
(CaO), 0.003 per cent of magnesia (MgO), and o.ooi per cent of potash 
(K^O). After two months contact with the glass bottles in the thermo- 
stat, an analysis of the solution gave o.oi per cent of lime, 0.002 per cent 
of magnesia, and a trace of potash. 

Tablr I . — Solubility of the lime in epidole, the magnesia in chrjsoUte, and the potash 
muscovite, in contact with a slightly acid soil extract 

(Mioerals eround to pau a screm of loo meshes to the inch] 
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The results tend to show that, under the conditions of the experiment, 
more lime and potash was extracted from the silicates epidote and musco- 
vite, ground to pass a sieve of 100 meshes to the inch, by two months’ 
contact w'ith the soil extract kept at 25°C. in a thermostat, than of mag- 
nesia from its silicate in the form of chrysolite similarly ground and sub- 
jected to the same conditions. 

The removal of such proportionally large amounts of lime and potash 
from silicates by an acid soil extract would seem to indicate that in time a 
soil's fertility index, w'ith respect to lime ami potash, would under proper 
conditions of acidity be quite appreciably low'ered. That the potash 
results are truly representative is strengthened by the fact that in perco- 
lation experiments tried out by the author a short time ago with dilute 
acid solutions, such as phosphoric acid and sulphuric acid, in every in- 
stance considerable amounts of potash were removed from soil silicates, as 
was the case also when a peaty soil from Maine intermixed with white 
mica was shaken up with distilled water and allowed to stand for 24 
hours before filtering, the filtrate showing potash to be present in a W’ater 
soluble condition to the extent of 600 p. p. m. 

Because of the small amounts of the samples used in Nos. i to 4 in rela- 
tion to the quantity of solution, it w'ould seem to follow as a natural con- 
sequence that the results for those samples w’ould be high and should 
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not be taken as truly representative, the results inehuliii); thos^* from 
samples 4 10, taken as a whole, are probably iiiort* truly ix^picsenta- 

tiveof the actual solubility conditions. 

(1) In contact wHlh an acid soil extract more potash is removed from 
muscovite than lime from epidote, or magnesia fioni chtyosliie and that 
on the whole more lime is extracted from epidote than iIuKuiesia from 
chrysolite. 

(2) So far as the solubility of the lime in epidote and the magnesia in 
chrysolite are concerned, the results are quite cmistmil in samj)K-s 4 to 
10, with the average for these samples of 0.2 7 per cent of lime from 
epidote, and o. 1 7 per cent of magnesia from chrystilite. 




A FIELD STUDY OF THE INFLUENCE OF ORGANIC MAT- 
TER UPON THE WATER-HOLDING CAPACITY OF A 
SILT-LOAM SOIL ■ 

By Frbdbrick J. Alway, Chitf of Division of Soils, uiid Josm'ii R. Ni£U.KK,/i>n»u‘f/y 
Assistant m Soils, Agricultural Expcnmcnt Station of the I 'niivtiity of Minnesota 

INTRODI'CTION 

It has long been believed that the increased amcuiil nt organic matter 
in the soil resulting from applications of manure causes un iin{Kirt:inl 
and beneficial increase in the water supply of crop plants, it Uilh 
enabling the water to be absorbed more readily during hea\ y rains and 
increasing the amount held against dowmvard movement, thus ivtaiuiug 
a more generous supply within reach of the roots of the cro]> plants. 

Thorne, in a recent paper li^^ raised the iiuestitm whether or- 

ganic matter 

possesses a value for soil iniproNA tiUTit iidditioiiAl to thiU of ihi' uud iiiiticriti 

elements that it may wnlaiii 

and attributes {p. ^7) the physical improvemeiil of tin- soil following the 
use of manure 

not to the carbonaceous matter of the manure, but to the superior y^njwih of plant 
nxjts induced by the nitrogen and mineral elements carried by the inarnirr. 

His conclusions arc based chiefly upon data from exiH^rimcnts at Ihc 
Ohio Experiment Station covering a period of 24 years, in which the 
recovery of nitrogen, phosphorus, and potassium has Iktu liigiier from 
sodium nitrate, acid phosphate, and potassium chlorid tliaii from farm 
manure. As the Ohio experiments 

have been conducted mi a soil depleted of its organic matter by a long prri.Kl <,i tenant 
husbando^ before the test l.egan and the average yields of the milreaU-.l I md .iurmg 
the period of tlie test have been only 7.H5 bushels per am* nf wheat, m ;o bushels 
com and 21.76 bushels of oats (u, p- 

the results would suggest that wc have been in the haldl of overrating 
the benefit derived from any increased water-holding capacity of the soil 
caused by the application of manure, or even that the effect of the arlded 
organic matter upon this proix-rty may in reality be b>o sliglit to have 
any practical importancx\ 

Entirely satisfactory fields for studies designed to rleterinme the effed 
of differences in the content of organic matter upon the w-a ter- holding 
capacity of soils arc scarce; and with most field soils tlie l.rmgin>! alx.tit 
of an appreciable increase througli applicaUons of manure as light as those 

1 Publiihttl. w ith the ajtprovKl <J the Ifrrtlm. as I’aiw-r i rJ Ih, Journal Sen, t -^ti, S>tui • A.ii 
cultural lixpcrinirat SutU*i. 
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used in farm practice requires a rather long time. This is well illustrated 
at Rothamsted by the Broadbaik Field, which has been continuously in 
wheat since 1843. On plot 2b, which receives 14 tons of farm-yard 
manure every year, the first 9 inches of soil gained only 0.098 per cent 
of organic carbon in the 12-year peritxl from 1881 to 1893 (9, />. i2y), and 
in 1893, after paving received such an annual application for 50 years, 
or 700 tons jier acre in all, the 9-inch layer of soil contained only 1.342 
per cent more organic matter than the adjacent plot 3, which during the 
same period had been continuously cropped without any manure or fer- 
tilizers. By starting with a virgin prairie soil rich in organic matter and 
putting it under continuous clean cultivation, an appreciable lowering 
of the organic matter can be induced much more quickly, but even in 
tiiis case a long period is necessary (< 5 , p, 1^6). 

On many fields the great variation in texture from place to place, espe- 
cially in the portion of the soil mass below the reach of the plow, renders 
any comparison of the relative amounts of useful moisture a laborious 
task, the differences shown in moisture retentiveness being more depend- 
ent upon differences in texture than upon any differences in the content 
of organic matter that may have been induced by dissimilar methods of 
manuring, cropping, or tillage. Detailed studies of the uniformity in 
texture of the plots or fields under comparison have usually been omitted, 
and, hence, it may easily be that many of the data published in support 
of the common tbelief are due simply to the coincidence that soils of a 
finer texture, while they retain more water, also usually have a higher 
content of organic matter. Under natural grassland conditions the heav- 
ier soils are the richer in organic matter and in general it appears that 
when conditions of surface drainage and climate are similar, the finer the 
texture of the soil the higher will be the organic- matter content w'hen 
equilibrium between the processes of decay and those inducing an accu- 
mulation of organic matter have once been attained. Under the condi- 
tions of ordinary mixed farming, arable soils wHIl approach more nearly 
to grassland than to forest conditions. 

An unusual opportunity for such a study is offered by some plots at 
this Experiment Station, laid out by Snyder (//) some 25 years ago. In 
the summer of 191 5, incidental to a study of the effect of different systems 
of cropping upon the composition, properties, and productivity of the 
silt loam soil of these plots, we obtained some data upon the water- 
holding capacity. It so happened that the season was characterized by 
weather conditions especially favorable for revealing any differences which 
might exist in the water-holding capacity of the soils of the various plots. 

* DESCRIPTION AND HISTORY OF PLOTS 

The land, originally covered by a heavy growth of deciduous trees, had 
been cleared about 1 856, and during the following quarter of a century 
formed part of a typical grain farm of that period, oats or wheat being 



Mar. 10,1919 OygQnxc \laiter ijfui If iiUy-IIoldiug Oi/)u<'f/v <*/ Soil .265 

grown upon it every year without the use ut‘ elover or manure. In iSS;^ 
the university acquired the farm for experimental purposes and tiie next 
year the field was seeded to clover, from that tune on lu-in^' kept in a 

good rotation until in 1S93 Snyder (j/, f\ j] laid it mn in six pUas as a 

fertility experiment (hg. 1, A). All available reemds indieaie ih.it the 
land included in the plots had l)eeu treated alike dm in.,^ I lie pi eeetlin^ 

36-year period (1856-1S9:). bints .? and 3 win- to be kept in and 

5-year rotations, including clover and receiving niantne, and each t>f the 
others to be devoted continuously to tlie sinu* grain emp and to leevivc 


X jT IZL jX jr £z: 



Crc. r.— Diagram showing arrangcjnpnt of pJfiti and ito|i» on fifld J, Vurpn. St Caul, Minn. 

A is th« oricinal plan adlirrfd to from to ly,*. mhilc « thr < roirfhin; pl-n in .y-* C U.owi 

the arranKcmait of the samples taken f(ir the two cranjirAjtrs frf/in a plm 


neither manure nor fertilizer, No. i, 4, 5, am! 6 Ix-ing plantcfl to wlicat, 
com, oats, and barley, respectively. The construction of a barn in 1912 
upon part of plot i has rendered this useless f(»r cxiH-riniental juirjioses 

(PI. 36). 

The present discussion c^als chiefly with plots 3 and 4, mi the latter 
of which, beginning with 1893, there had been grown 22 succ'cs^ivc crops 
of com, without the application of any manure. On the father there had 
been only 6 crops of com, but 4 of barley, 7 of mats, and 5 of clover, 
while 25 tons per acre of manure had been applied, 5 loiLS with each cro]i 
of com except that of 1897. 
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Plots 2 and 3 are 5 rods long and 4 rods wide, while the others are of 
the same length but of only half the width. Each plot is separated from 
its neighbors by a strip 6 feet wide. The plots have been seeded to the 
ce nter of this 6-foot strip, the outer edge around each plot being cut away 
at harvest time. 

The soil ha;! been classified by the Bureau of Soils of the United 
States Department of Agriculture as Hempstead silt loam (ro, p. 26). 
fhe silt loam stratum extends to a depth of from 39 to 50 inches, below 
which is a thick bed of clean gravel and coarse sand. The surface 
stratum is very unifonn in texture as may be seen from the moisture 
equivalents reported in Table III. 

CULTURAL CONDITIONS 

The original plan of the experiment had been carried out until it w^as 
interrupted in the spring of 1915, when in order to determine the relative 
productivity of the different plots we had all five plow^ed, prepared alike, 
and planted to the same crops — viz, corn {Zea mays), sorghum (Andro- 
pogon sorghum), turnip {Brassica rapa), alfalfa {Medicago saliva), and 
mangels {Beta vtdgaris macrorkiza ) — these being so arranged that each 
of the five appeared on every plot (fig. i, B). Weeds were v'ery bad on 
all the plots except Xo. 4 but, by frequent use of hoe and horse culti- 
vator, these were kept down in all the crops except the alfalfa. On 
account of the unusually cool weather, the crops made very slow growth 
until early in July, and none of the plots at any time appeared to 
suffer from a lack of moisture. 

UISTRUlIJTIO.N OF ORGANIC MATTER IN SURFACE FOOT 

'file ratio of organic carbon to nitrogen in surface soils is so nearly 
constant that determinations of the latter serve to indicate variations 
in the content of organic matter. Table I shows the nitrogen content 
of the successive levels within the first foot of soil on the five plots. 
The percentages rejwrted in the first part of the table (a) are for com 
p<isilc samples from six borings using a 4 -inch plate auger and those in 
(b) for composites of 24 samples taken by means of a 1.5-irich soil tube 
of special construction. The latter are really the averages of the data 
from two sets t)f samples, A and B, in each of which composites of 12 
indi\ndual samples were employed, these being distributed as indicated 
in figure i, C. The concordance of the data from these two sets, as 
illustrated by Table II, is such that in the pn^nt discussion no purpose 
would b& seryed by reporting more than their averages. . From these 
data it is evident that any marked differences in nitrogen content, and, 
hence, in, organic matter found between samples from the same level 
on different plots are to be attributed to differences in crop history and 
not to the experimental errors of sampling. 
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Plots 3 and 4 show tin- .■xiR-im-s, (li<: forimi liavii.4 th.- ii.jdaM and 
the latter the lowest nitrot;eii coiileiit and a! .acf. h-.cl plot 4 dious 
the higher value. The percenlages 011 plol ; an- alinosi high as llara- 
on 3 while the values for plots 3 and r, fall U-lv.e. n those fo, > and -i. In 

its low nitrogen content, plol 6 approached 4, ihc seci„,us hclow the ninth 
inch containing even less than the corresfronding ones on Ijie latter. 
The nitrogen content of the lirsl Pk.i .ai plot 3 was 1 per cent and the 
organic matter .40 per cent <.f that on ,,lol 4. Ihe c two ,,lots, as they 
showed the extremes in nitrogen, an.l, hence, in organ.c.nal ter content, 
while being adjacent, were selecte.l for the more detailed moisture studies. 
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H. Sitr^MjKn a.ntcnt vj ioil at different Uvelr on ploii 2 and j, iltiisiraiing the 
di-'jrec of coftrordnnrc of the data from duplicak sets of composite sampUs 
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UMFORMITV IX TliXTURIC 

The moisture equivalents of the soil from the different levels are re- 
ported in Table III. Those for tlie first i3 inches were determined on 
composites made by combining? etpial weights of the duplicate samples 
reported in Table U, and, hence, they represent composites of 24 indi- 
vidual samples from each plot. The data for the second and tliird feet 
are from comjiosiles from 6 borings on each plot. 

TahiIv III, Moist life i'i;uiv<ilefUs of soil at different level.f 


I'li.t • Plot} P!ut Plot 6. 


I to 6 tnelu's, , 
Seventh iiicli. 
loilhth incli . . 
Ninth inch. . . 
Tenth ini !i 
hdevetuh itu-h 
Tvvellth itkh . 
Scooiul friot . , 
Third , 



ncrteiti. /'rrfrtil. 

9 -M. .5 

2,1. 0 : 24. 

24- r ! 24. 5 

24. o I 24. 2 

24. r i 24. o 

t j 23. 2 

22. 6 ! 23. o 

23- 2 j 24. 3 
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As was to be expectetl from the content of organic matter, the lowest 
values wiihiti the surface f(.K>l are shown by plot 4 and the highest by 
plot 3. I'hc differences in the moisture equivalent are very slight com- 
pared with those in nitrogen and organic matter; while the nitrogen in 
the surface fmut of plot 3 exceeds that in plot 4 by 38 per cent and the 
organic matter shows a corresponding difference of 40 per cent, the mois- 
ture cquivalcifi is only 7 per cent higher. In the case of the second and 
third feet, the crop history of the plots appears to have exerted no appre- 
ciable influence upon the moisture equivalent, the differences shown in 
these levels being within the limits of error in sampling. 
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Organic Matter and Watcy-IloLUng ( 'apaiUy ,./ S,^ii :U) 

The unifomiily in texture of both tlu- surfjoo aiui mjIim-U ii.nii 
plot to plot makes the fielil iiniisuall\ fa\ oimMc u^\ sueh a lunisUin- siu.!\ , 
Tlic thickness of the silt loam hiycr (ocrhiii- [hv sti.mim nur. 

tioned above varies from alx)m yo to s>> nulus. in luarlv all plao ii 
being less than 48 inches, and the variations lioin pLuv to pl.ar on ilu' 
same plots appear as great as tho^r imin mw plot to anoth, i. W Inh- at- 
regularly sampled tiic foiirlh-foot >anion along with i!u- Mioiid and 
third, it showed such an exirenu' laiign in tt-xhiu*. owing !'► tlu- \aiving 
proportions of its two comjiom nt layers, silt loam and gia\rl, that llie 
data on this level arc of no use in the jiiesent disi nssion. 

wiCATHi'iK coxnrrioNs 

The weather of the crojr season of ojiy was fa\<irable ha tin- niainlc- 
iiance of a very moist soil, being abnorinalh raiin , cool, and i Ion<K < ial>lc 
IV). In each of the first tliree months, May, June, and Julv, tin pus-ipi 



FlO. a. — Diaerun shcjwiiiK the aniuuiil .Mi'l ilistiibiitirpit ot ilu- r.uiif »II t 'mvrrMiv I'arnt. M Miim , 

during part oi Ihc icasoti i>l ! >) .. oi viiiiijliiu- .nr iitaiuicf t.y a-.trti-.kx 

tation was sniiiewliat aliovc tln' normal aii<l in August it was jnsi < (jiial 
to the normal. I-'or each of tlie montiis the mean Icnipi rat ni<‘s \ aried 
from 6.1 to 4.2 degrees below normal and the percentage of possible 
sunshine in the first three months varied from to 2(f below normal, 
while the wind movement was slightly below ami the relative Inmiidilv 
slightly above normal. 

The precipitation of the autumn of 1914 aiul the fnlhwviiig winter ami 
first two months of spring had been nearly normal, that of April U-ing 
2.31 inches. The rainfall of the four months covered !)> the study cairn- 
chiefly in the form of slow rains which caused but little run off; excep- 
tions were provided by two heavy rains, one on July (> and the cjther on 
July 14 (Table V and fig. 2). The dates of sampling hap^x-ued tf> U: such 
as to well illustrate the various conditions met with in a vvet sc'ascjii. 1 hus 
on both July 7 and 15, the samples were taken only a day aft/^r a very 
heavy rain had fallen while on May t8 and August 4 they were taken one 
day after the last rain in a succession of days wuth imxlerate rains. 



Journal oj Agricultural Research 


\ol. XVI, No. 10 


270 


Tablk l\' .— Weather of (hr crap .seasons 0/ iQiy and IQ18 at St. Paul compared ‘with the 

normal 


J'RUCIPITATION a flNCHKS) 




Item, 

May. 

June. 

July. 

Aug. 

Ntjrnial. . , 



3-34 

4*03 

3‘49 

i 3 - 36 

DrjiartiirL' 

in 



I, or 

0.68 

2.42 

. 00 

iKpartUR* 

in 

I f j I H . 

98 

— I. 18 

• 41 

. 20 




MllAN' TliMi-liH ATt KIv ( F. ) 




Nurmiil . . . 



58.3 

67.8 

72. 6 

69. 6 

Departure 

in 



-6. I 

I ” 5 - 4 

“ 5-5 

“ 4 . 3 

Di- par hi re 

in 

11;. s. 

1.6 

— I, r 

—2. 2 

•9 

1 


S' xsniMi (j*i;k ci;.\T 01* possibi.i;) 


Normal 

6r 

66 

75 

67 

Departure in 191 ^ , . 

-36 

— 16 

—20 

I 

Departure in 1918 . 

■" 5 

- 5 

- 7 

-3 


u i\:i iu;u iioi'r] 

1 



Normal 

1 5. 0 

II. 6 

9-5 

9-5 

De|>arture in 1913 . , 

' --9 

- 1-3 

.4 

. 4 

Departure in 191 S , , 

^ ■ 3 

— . 2 

-•5 

.8 


Khl.ATtV!': in MiniTV ( lUiR CF.N’T) 




Normal 

65 

69 

67 

70 

Departure in uj; > 

9 

I 

5 

I 

Departure in 1918 

T 

-3 


— 2 


At l.nivtTsil V I'artu iVuni Srpii>niln-r i, ivi^, to April lo. j>i -. ir.H* inches, and for the same period 
ill i<>ir igt t, <1 s*; inches. 


TaiiUv \ Daily ptw ipitation at V siivvrsity harm. Si. Paul, durititj the siuison of /pJ5 



T »• Tratv. 
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MOISTURE CONTENT 01- THE SOU. 

Between May i anil September 2, plots t .uul 4 were suiiipleil 15 limes 
(Table VI) to a depth of 1 fixU, the samples l}eiie4 taken in viueh sir- 
tions from three borin^’^s in a north and south line aemss each plot. In 
the case of each set one borinj^ was in the <.\)rn, aiiotln r in the >^)ii;lnini. 
and the third in the mangels, inch being cIom.- to a eiop row. At the 
time of the first sampling in each month we siuupled the siomd and 
third-foot section also, both on these two plots and i>n the thiee olheis 
(Table VH). 

From Table \T it will be seen that on every oeeasimi the Miilaee lout 
of plot 3 contained more moisture than that of jilot 4. and, e\e4 pt on 
the verv last date, the same holds true for Uk* four v'lieli sntious. 
Throughout the first three months the ilitTereiice ranged between 3 and 
5 per cent, being greatest when the sampling oivnrred soon alter the ees- 
sation of a rain. During the last half month, at a lime when tlie eiops 
were drawing most heavily nj>oii tlie soil moisture and time was but 
little ram, the dilTerences were iiincli less, falling on the aveiage t(» less 
than I per cent. 

There is no evidence that, in general, more water was letaim-jl in Un- 
second and third foot on plot 3 than on ])lot 4 ( fable \ I1 ). althougli 111. ne 
was found on May i, wliicli, Iiowe\'er, was ni>l long afl< r (ho host had 
disappeared from the subsoil and there hail not been time for the tlown- 
ward percolation of the water from the nulling snow aiul (lu Apiil 
rains. With the three other jilots, the suifaee fool was intermediate in 
moisture between plots 3 Jind 3, i^ l^dive nu>i>tm<- content vaivmg 
rougblv witli the nitrogen conteiit flahle \II). ihtlv at the time of 
the first sampling did they, like plot 3, show a Ingher nuastnie ront< iU 
ill the second and third f<iol (iian ] lo( 4. 

'iTie above remarks a])pl>' direi tlv Oj the total w.iter eoiiieni, wlueh 
includes Ixilh tlu- nonavailal>le and the avadaiiK- A-. tin- i><atiou o| 
the soil moisture availalde K. piant-^ fen gooMh and nn tie n.ainlen.atH e 
of life appears t(» be appro.simatelv that ni ex( e-s ot (In hvgios<o]>ie 
codT.ciont (7, /.. 7...-; .'J. an'l a. IIh l.itl.-r .s lilll. tli. 

surface of plot 4, bcin4 only 7-7 co.np.u.d '.Mil, .s. 1 f-r plol 4 Mnl.l,- 
VIII), we regard the dilTereiiees in nscliil wain as sli);lilly ;;pi.ilir 
than those in the total water reported in I'able \ I. 

INiaUENCM OF ORf.ANIC MATTIH ri'(,\ MOISTrni-; fONTFNT 

Kroni the alrove data it would appiar tli.il the 4reat(r anioiint of 
organic matter in the surface for, I r:f i,l.,t 4 is tesiK.nsihle for the c.,n- 
siderably higher content of iK.tl, total an<l free water shown hyU tlir.,ngh- 
out most of the summer of lyi.v 

•Vny advantage possessed by one plr.toveranother, rlu.- tr, lo|H 4 !raphy, lies 

with.Naa. The surface.,! the field is aim., st level, imt after very hc-avy 
rains and at the time of the melting of the sn.,w in th- spring the last water 
to disappear from the fiel.l is foun.l uixm that plot fl'late 36). 
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TablK VI- — \fQiiluTe content of the surface foot of frlot 4 arid the excess of moisture in 
that of plot j 


A - MOISTfKJj CONTivXT Of SOa OP PLOT 4 


iJrpth t 4 sccluai. 


tncJu’i 

I lu i 

1^0 >> 

7 1 '-' *-» 

I<!1 1(1 

Avrrii;;f i t<j ij 


May May 

May Juiip July Juh July July jAug, 

Aug 

Aug Aug.^Aug.^Sept, 

1, 1 11. 

iS. ' to. I I. 

1 

7. j 25. 1 *3. ; 30- 

8- 

7- 

14. I 1 


f*. rt. ' P.ri. 

p ci r. ci'p.ft 

— -j 

P (t. p rt p a. p (i. 

P. cl P.d. 

P rt. P.rt P.rt.'P rt. 


a;. 5 ; 24 0 j 3-' 6 

2«.7 1 28.3 j 2 J-J j 22.3 

28.0 

2': l 

20.8 j 10-3 j I7-I 

17-6 


27 7 ; 27-5 ’ 24-'> 

29. 1 : 27.9 j 24-9) 24-7 

2«.S 

26.4 

23.5 ; 22.2 ; 20 J 

18.6 

, J » 

27 7 1 2: 0 i 2S-7 

20. t 1 28.5 j 25-3 1 25.2 

38.4 

26,8 

24.3 i 2}.0 1 21,1 

I5>.7 


■ 27 2 : 25.J 1 

i't, ^ J.8.0 • 2^2 2 j. j 

29 2 

27} 

24 J 23 . s 218 

20.0 

; 0 ^4 1 

i 1 

j 27 4 26 <> ; 24.6 

2H.0 j8.2 24.5 2J.V 

28.6 

26.4 

23.2 i 22.0 I 20,1 

19.Q 


II. -MXLK.SS UfJ MOL'S!! KK ON I’LUT J? OVKj< THAT ON PLOT 4 


1 1 

t to 3 ‘1 , j.'i ^> 7 

4 9 i 

: 4-3 

^■4 4-4 5-4 

4.8 i 

-! 

5.0 

3-9 1 2 .F 

>3 

0.6 

15 

4 tu <' L& 

■ 5 .s! 

, 

' S'O 4.2 1 S.I 

4.8 ' 

3-9 ! 

■ 4-6 

3 - 8 | J.oj 

I-S 

3.0 

32 

7 t<* 0 , .,/ 5 4 


j . 3-1 i 

j 3-7 38 1 31 

3 9 

2.1 

1 2,51 

3-3 [ 2 .S 

2 i 

29 


to to la . :/ \ 4 3 

^ t.,;' 

1 5 -I. 

1 ,}■ ! 4'.3 1 30 

4 J 

32 

1 -7; 

1 - 4 ! 23 

I.O 

.9 

1 ^ •* 

Avi*ragc 1 to 12 ,| 4,7 : 5.0 

; 

4-4 

j J-6 4.1 . 4-1 

3 9 

3 4 

1 

3 -» : 2-7 


19 

1 i.i 

j 


Taim,!’: V'll. - -Vftfii/Hrt’ content of soil on plot 4 to a dtplh of j feet, at the first of each 
month and the excess of moisluTe at corresponding depths on the other plots, arranged 
to show any relation of these differerues to dijfcrences in the nitrogen content of the 
surface foot 

A MOIST! RK CONTItNT 


Kjcctm on other plots. 


Date and depth <J section. 

ri .4 4 

Plot , . 

Plot 

Plot 5. 

Plot 6. 

MAY t. 

P ,< 

P. rt. 

P. rl. 

p. a. 

P.ci. 



5 J 

4 - 4 


3-2 

I. 3 

3-3 

. i 

7 to 13 inches. 

2 %. q 

2.3 

Sec<md f(x>t 

3 t- 3 

3-8 

3 . 3 

I. 2 

2-9 

Tliird foot . 

20. 5 

4.9 

3-3 

2.9 

- -7 

JL’LY 1. 






I to 6 inches 

3 ^’. ; 

3 - 7 

4-9 

1-7 

1-4 



3*5 

»*3 

. 6 

— . I 

. 7 

Scoind ft Kit 

^ 5 ' I 

- .4 

-5 

1 , 1 

Third foot ! 

7 

•9 


.6 

1. 1 

Al’GOST 4 - 






I to 6 inches . 

28, 4 

4-8 

4.0 

.8 

r -7 

7 to 13 inches . 

28. 8 

1. 6 

I. I I 

— . I 

. r 

Second foot 

28. 0 

. 2 

. 1 

-I. 3 

. 4 

Third foot 

^6- 5 i 

“1-3 

— I. I 

-1. 6 

- 1-3 

SKPTE'MBliR 2. 




i 


I to 6 inches , 

18, 1 

3-3 

! 2.7 

1 1-7 


7 to 13 inches. . 

J^cond fix>t i 

19. S 
20 0 

. 0 

I. 0 

— I.O 

“ - 7 

.8 

I.O 

1 -■* 

! I- I 

Third foot 

• 1 1 

' 21. 4 

I. 0 

-2. I 

! 

• 4 

i 

B— MTTROGKN CONTENT 


a iSo 

0-055 

1 0.056 

0. 028 

a 013 



. 161 

.071 

1 *051 

. 043 

.009 



. 139 

.064 

! -03* 

• 033 

— , 013 



A sinslc A-inch sAmple used ioslrad J suctrssive j-inch samples. 
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It is of interest that the differeiuHs in nuMsUnr emUtMil air as ^uai as 
would be computed on the assumption that i1h‘ oti;;uiie matter i>f this 
silt loam has the same water-holding eajiacily as some of the most 
absorbent peats, some of these, even when well diaine.l, being able to 
retain .vx) to 400 parts of water to every lui parts of thv juat. Tlie 
surface foot of plot 3 carries per cent mt.ie oiganic niattei than the 
corresponding level on plot 4 (Talile h. f,nni wliieli might be eompiiled 
a difTerence of al)Out 3 per cent in uaiter-lmlding eapaeity 

Tahij: Vtll. //ivr.M. 


Hi 

I>n"h < i :r. 

( I n> t H 


1 to 3 inches. . 
4 to 6 inches. . 
7 to g inches. 

10 to 12 inches 

Idrst ftK.t 

Secontl ffx>t 

Third foot 


INFhUIiNCIv OI* 0 R 0 .\N'K: M.tTTiiR fl’o.X I'Rol'i iKTlo\ of t SI I t I. 

MoisriHi; 

The nitrogen cnnleiit of the surface foot nf pifd 3 b 13.S pi 1 ei nt and 
the organic matter i.p. pt r cent i.f that oii pint while the li\ gi. r-eopie 
coeflicuait is only 5 jiercent tlie higlier on the forim i Ax a eoHMijiieiue 
the [iroportionate iiu rease in free water is mm h gnalet tlian that in 
total moisture coiitiaii, and (hat ui giowili thaler still gieali t 'llm-.. 
the average moisinte content of tiie smtaie foot for the nme xijnji.iings 
in May, June, and [nlv was :(> jn-r een! on plot and ,-,0 ; po <eiil <111 
plot 3, llic free water and au<l tlii' growth wafei ig.^ and i/ i, 
respccti\ ely, eorresj.oiiding to iiUTeaxes el 1 .a, am! :y jm i eejil. 

'flnts, tlie dilfetence in oigame matter coiilent, owing to d.)len m . s 
in the maiuiring and cropiang ijf the two pf-ts, laiiad a mailad dilfej 
cnce in the aniomits of useful moi'-iurc during the seas-.n (,f as is 
well illustrated bv a ( ouipiirison of the ratios oi the nioi lme ront<nl 
to the h vgrns(:o]H<' enellieient dlablc iX-. '! lie ad^ aiiiagi s (,{ < xpi*"'.’ mg 
the moisture condition of soils l^y such ratios has hern di mussed jn 
several recent papers (4, /e 55; .{, /'. 4s p s, /», The ( xpressiiui 

“hygroscopic coeliicient ro.o; ratio 17’ indicates a niyistiiiK- (’onteni 
of 17.0 per cent, a willing coc-llident of 13,0' (S, f>, A 5;, 7 per cent of 
free water, and 2 |xt cent of growth water. 'I he ratios r.o^ 1,3, anti 
2.0— 2.5 appear to indicate, respectively, the nuniinmn to whit li tmp 
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plants can rcrluce the soil moisture (/) , the point at which root penetration 
practically c(.*ase*s (y, p. 279), and the water- retaining capacity of well- 
drained arable mineral soils (j, p, 6g), and such an expression as the 
aljove makes all these relations apparent at a glance. The ratio may be 
used alone to indicate the rdative moistnesi, while its combination with 
the lij'groscopic coefficient expresses the moisture condition. 


Taih.I{ IX . — Ratio of moiiiiire content to hvqroscopic 
plots j ami 4, in igi^ 

coefficient at 

difftrent IrceU on 


1 KiiLio oti plot 4. 

Kxcfss of ratio on plot 3. 

Diilc. 

I'ii.ifiH.i. Third ffiol. Firstfoot- 

Second 

foot. 

Third foot. 

May I 

I r 

,v i 6 ^ 

■ 5-2 ' 

2. 7 : 0. 4 

0.8 

0. 6 

iS 





Juno 10 





« 

-Z j 3 - 1 i 

8 1 ■ . . 

-v 2 1 -3 

■•■■i -3 

. 2 

. 0 



^,7 I 



i] 


■ ■ • -I -3 



30 




Aut(. 4 

: .i- 5 ^ 

r 

3 - 5 ! -I 

■ I 

— . 3 

14 

VO' 

... ,2 



2 [ 

2. V 

... ,0 




2. 6 

.1 



2 

2, 2. 5 

2 . <) .0 

. ( 

. 0 


The higli ratios observed in the subsoil of these plots is probably due 
to the retarding influence which the substratum of gravel and coarse 
sand exerts upon tlie downward movement of water (j?, p. 34-41). 

In a study somewhat similar to the one here rcjx)rted, but made in 
eastern Nebraska in one of us (Alway) found a similar influence of 
the organic matter upon the amount of useful moisture retained {4, p. 
474). but tliere the conditions were not so satisfactorily comparable, an 
exposed subsoil ])oor in organic matter being compared with an adjacent 
surface soil. 

MOISTURP: Rlib.VTIOXSHirS .\XD PRODUCTIVITY IN LATKR SEASONS 

Plot 3 showed itself far the more productive of the two plots in 1915, 
as had been the case als^> in such of the preceding 22 vears of the experi- 
ment, a.s the coincidence of the corn crop on plot 3 t)ennitted a direct 
comparis^iii of^yields (Table X). In 1916 spiiiig wheat was sown upon 
all five plots and the fields were relatively unchanged. However, red 
cloNcr [Trijolium pioknsc) was seeded with the wheat and while the 
stand of clover plants wiis even and mcxlerately thick on all the plots, 
it was especially tine on No. 4, and in the following year the yield of hay 
wars eoiisiderably the greater on this plot and the aftermath also w’as 
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heavier than on No. 3. The second growth. l>eiiig (tx) light to iiuike a 
fair cutting of hay, was plowed under and the held seeded to winter rye 
{Secale cereale), which gave a good yield in 1918, it l)cing almost as heavy 
on plot 4 as on plot 3. The yield of hay, slniw,and gnvin a)mbimHl, for 
1917 and 1918, amounted to 9,738 |X)unds per acre on plot 4, coinj)are<l 
with 9,088 pounds on plot 3. Hvidently the lessenetl w^ter-holding ca- 
pacity on the former had no serious effect u}X)n the crop yields. 

T.vblU X. -Ri hfii e prodiu-tiviiy of f'lott j ami 7 


1896 

1897 
1901 
1905 
1909 

1915 


19(6 

1917 

1918 


Com: 

Grain, bush 

Stover, cwt 

Grain, bush 

Stover, cwt 

Grain, bush 

Stover, cwt 

Grain, bush 

Stover, cwt 

Grain, bush 

Stover, cwt 

Grain, busli 

Stover, cwt 

Sorghum, as cut green, cwt 
Turnips: 

R(X)ts, tons 

Tops, tons 

Mangels: 

Roots, tons 

Tops, tons 

W^ieat: 

Grain, bush 

Straw, cwt 
Clover hay, tons 
Winter rye : 

Grain, bush 
Straw, cwt 


61.7 J 

■M ^ ^ 

44 

.vv i 

10. 0 

iH. 8 1 

ft 1 

40 I 

.^7 « 

30 - 4 1 

Ay 4 

71.1] 

3 ft f) 

JO. s ; 

U.H 

9ft. (i ! 

') 

3 <; 6 

.0 4 

7 'T 7 ! 

0 

5fi 0 

44. 0 

if>. 4 

JJ. () 

13 . 9 

7 4 

,V 4 1 

»■ S 

?o. 7 ' 

1:4 

3 . 9 

l- s 

29 0 

, 3 0- > 


, 3 .,,^ 

3 . 0 

3.44 

40 > 

i ^ 

39 7 



71 

.Vt 

M 

Oj 

7K 

77 

.SH 

4 t 


(») 

70 

ijj 


a VifM r/ii plot 




The moisture content of tlie soil on the two plots nns .lcl<-nni,ie,l oi, 
four occasions during the past season, and, in general, plot 3 ''as onn 
the more moist in the surface 0 inches ( ruble XI), \Vheu, us m laWe 
XII, we compare the ratios of moisture content to hygros<o|)ic n 
dent rvith those for .gbS (Table IX) it is evident that 'J; 

difference between the two plots in the moisture content of tlic whole 
three-foot section in igtSl the subsoil on Vxrtli plots was ^ 

than in the earUer year, so dry in fact that unt.l f 

fell (Table XIII), there was no opportunity for loss of wal . i > pc 
tion from this secUon. The dryness of the third ^ 

had been fully occupied by the rye roots and hence that all 
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that entered the surface had been retained within reach of the roots. 
Witli forage crops like clover, where a still larger amount of moisture is 
requircfl for maximum yields, the same would hold true. 


Tablh X\. -Differences in moisture content of soil of plots j and in season of IQ18 


Date and depth <4 M'ction. 

Plot 4. 

Plot 3. 1 

Hxftss wi 
plot J. 

June II (r .Sa inches of niin on June 8 to 10): 

Per cent. 

: 

Per cent. 

I to 6 inches 

24. 8 

i 27. 8 

V 0 

7 to 12 inches 

2 = 5 . I 1 

26. 4 1 

! 1. ; 

Second f<x>t 

19.9 

17-7 

— 7. 2 

Third 

13.0 : 

12-4 

— 0. 6 

June 26 (Only 0, inch of rain since June 10): 



I to 6 inches 

10. 8 

rr. 4 1 

0. 6 

7 to 12 inches 

14 - 5 

.3.4 1 

— I. 1 

July 18 (1.89 inches of rain on July 14-16, 2.78 inches 
since June 26): 


I to 6 inches 

21.6 

23-3 ' 

I. 7 

7 to 1 2 inches 

19. 6 

19. I i 

-0. 5 

Second foot I 

12. 0 

10. 7 1 

*• 3 

Third foot 

ir. 5 

12. 0 : 

° 5 

Nov. 12 {2.32 inches of rain Nov. i to 8; 8.6j inches since 1 
July 18): 




I to 6 inches 

2C. 2 ' 

27. I 

I. 9 

7 to 12 inches 

25. r ■ 

27. 6 

2 - 5 

Second 

24. 4 

25- * 

' 7 

Third foot ' 

16. 0 

16. 5 

0-5 



Tablk XU.--.Ww/iwjj of soil on phis in igi8 compared udth that in showing the 
much drier condition of ike subsoil tn the former year 



Ratios in igrS. 

Ratios in tgij. 












i I 

1 1 



jane 11, 

July r8. 

Kov 14. 

July 7. 

i Aug. 4. 

j Sept. 4. 

Plot 3; 







First foot 

J -3 

2 . 6 

' 3-4 

3*5 

3*9 

2. i; 

Second foot 

' 2 . 2 

1.4 

3 - 2 

3-3 

3* 6 

2. b 

Third foot 

1.6 

I. 5 

2. 1 

3.2 

3*3 

2.9 

Plot 4: 

First foot 

3 - 2 

2. 7 

3*3 

3* 2 

3 *« 

2 - 5 

Second foot 

2 - 5 

5 

3 *'> 

3 * I 

3 -S ' 

2* 5 

Third foot 

I- 7 

I’ 5 

2. I 

3*2 

3*5 1 

2,9 

j 


In general, it appears that percolation causes but little loss of the sum- 
mer rainfall in the case of soils as fine in texture as the silt loams when 
these are in grasses or small grains, the portion of the subsoil occupied by 
the roots intercepting and giving up to the crop any of the moisture that 
penetrates *lhrough the surface foot. On fields with a sharply rolling 
surface a lowered water capacity, due to loss of organic matter, might be 
accompanied also by greater difficulty of penetration, and hence by a 
sufficiently greater loss by run-off, to cause a markedly lower crop yield. 
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The comparatively slight influeiuv that the water-hokiing oajxu'iiv tit 
the surface soil alone exerts utxni ilu* ])rtHkicti\iiv fnuls an illustration 
in the common obserwiliou that s;ui(ly kains provided with line-textuiotl 
subsoils, when properly fanned, produce as Iieavy yields as clay Kkuiis. 

The moisture available to a crop, in st) far as the clntnieter tif the yiil 
determines the amount, depends u|xui the water-rt‘(juningea]uellv of ilie 
whole soil section penetrated by the nxUs of the crop, ;uid not ehiellv 
upon that of the surface stratuin, ami while cnllund luelhiKls which Icsmmi 
the organic-matter content of this slratniii lower its water- retaining 
capacity, it fonns such a small part of the whole moist u re- ret iiining ^ee- 
tion that any change in the moisture supply thus indueetl may be t(K> 
slight to have any distinct inllnemx' iijHm the ])r<Kluclivity. 

SVMMAUV 

The paper reports a detailed study of the moisture conditions found on 
two adjacent Minnesota plots, lx>th of which had a silt loam stiil, verv 
unifonn in texture, but differing widely in content of organic matter as 
the result of great differences in cultural treatment. 

During the ctx)l, wet summer of 1915, when ciiUivalc<l crops were 
grown, the surface foot, and this alone, show'Cd a very marked dilferemx* 
in the moisture content, especially in the available |)ortion, the S(m 1 tlie 
richer in organic matter retaining the more water; but in the wanner ami 
somewhat drier summer of 1918, when winter rye w;is used, much smaller 
differences were found. 

It is concluded that in the case of a finer- textured soil, witli a fine- tex- 
tured subsoil and a comparatively level surface, (he differences in (he 
watery capacity that may l:>c causc*d by dilferences in manuring or in 
cultural operations exert but little inlluence uixui the productivity. 
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PI.ATl; 36 

View of Field J.> Mum. Agr. Experiment Station Fann, showing topography and sur* 
roundingSf looking from plot 6 to the bam which occupies part of plot i . 'Hie plirrto, 
graph, taken on the morning of February 27, igi8, as Uic snijw wiis disiipjM-aring, 
shows plot 4 to be slightly the low^est , the two streaks of ice fniin north to !#)ut li , nuakn! 
by crosses, both being on the plot. The water, held back by the snow bank at the Irfl, 
had frozen during the night. 
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